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Description 

FUEL INJECTION NOZZLE FOR DME FUEL, AND DIESEL ENGINE 
INCLUDING THE FUEL INJECTION NOZZLE FOR DME FUEL 

Technical Field 

The present invention relates to a fuel injection nozzle for DME fuel 
in a diesel engine using DME (DiMethyl Ether) as fuel. 

Background Art 

A conventional fuel injection nozzle of a diesel engine using light oil 
as fuel includes, for example, a needle valve 2 as shown in Fig. 9. As 
shown in Fig. 10, in a state where an outer peripheral surface of a tip part 
21 of the needle valve 2 is seated on a valve seat part 33, communication of 
light oil fuel to a fuel injection port 31 of a nozzle body 3 is blocked and a 
fuel injection nozzle 1 is put in a valve closed state (for example, see 
JP-A-11-13576). The tip part 21 of the needle valve 2 has such a shape 
that the ratio of a shaft diameter Ll and a seat diameter L2 of a seat part 
211 coming in contact with the valve seat part 33 becomes L2/L1 = 0.60 to 
0.75. Besides, it has such a shape that the ratio of the seat diameter L2 
and a center diameter L3 for regulating a minimum flow path area at full 
lift of the needle valve 2 becomes L3/L2 = 0.35 to 0.60. As shown in Fig. 
11, the needle valve 2 is lifted in a direction denoted by reference character 
B, the flow path is constructed of a space produced by separation of the tip 
part 21 of the needle valve 2 from the valve seat part 33, and the fuel 
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injection nozzle 1 is put in a valve open state. The needle valve 2 is 
regulated so that a minimum flow path area d at a time when it is lifted by 
a lift amount denoted by reference character D and is put in a full lift state 
becomes an optimum flow path area by the center diameter L3. 

High pressure light oil fuel supplied from a not-shown injection 
pump, a common rail and the like flows into the inside of the valve seat 33, 
and is sprayed into a combustion chamber of the diesel engine from the fuel 
injection hole 31 as indicated by reference character C. The high pressure 
light oil fuel sprayed into the combustion chamber is burned by 
spontaneous ignition due to mixture with high temperature and high 
pressure air. 

As stated above, the combustion of the diesel engine is performed in 
such a way that the fuel is sprayed into the high temperature and high 
pressure air, and the spontaneous ignition is caused by the mixture of the 
air and the fuel. However, atmospheric pollution by the diesel engine 
becomes a problem in recent years, and as measures against the 
atmospheric pollution, attention is paid to using DME, whose exhaust is 
clean, as fuel instead of the light oil. Since the DME fuel has a high 
cetane number and compression ignition is possible, it can be used as fuel 
of the diesel engine. Besides, since smoke and SOx are not contained at 
all in the exhaust gas, it is harmless to human beings, and there is no 
influence on the destruction of the ozone layer and the greenhouse effect. 
Further, since it is relatively easily synthesized from various raw materials 
other than oil, it can be mass-produced at a low cost comparable to light oil. 

Accordingly, from social demands such as the environmental 
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problem due to the exhaust gas, the exhaustion of oil resources, and the 
necessity of fuel diversification against an unexpected oil crisis, there is a 
high possibility that it is realized in near future that traveling and 
possession of an existing diesel engine vehicle using light oil as fuel is 
prohibited by regulations. Besides, at the present moment, except for 
DME, there is nothing more valuable than DME as an alternate fuel of a 
diesel engine substituting for the light oil, and a diesel engine system of 
the DME fuel is currently at an advanced stage of development, and 
accordingly, it can be said that the light oil is substituted by DME as the 
fuel of the diesel engine before too long. 

However, as described above, although DME has many merits as 
the fuel of the diesel engine, as compared with the light oil, energy 
obtained from a same amount of fuel is low, and accordingly, when the 
amount of fuel injection is the same as that in the case of the light oil, an 
engine output becomes lower than that in the case of the light oil. Thus, a 
conventional diesel engine using light oil as fuel can not be used directly as 
a diesel engine using DME as fuel. In the case where a diesel engine 
using DME as fuel is designed and manufactured from the first, it is 
sufficient if the amount of fuel injection is set so that a specified engine 
output can be obtained by the DME fuel. However, in an existing diesel 
engine vehicle using light oil as fuel, in case the mounted whole diesel 
engine must be exchanged with a diesel engine of DME fuel, it takes very 
high cost, labor, and time, and this can not be said to be realistic. 
Accordingly, even if a diesel engine vehicle of DME fuel is put to practical 
use, the replacing of existing light oil fuel diesel engine vehicles is not 
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smoothly carried out, and by that, the spread of the diesel engine of DME 
fuel is much delayed, and there is a fear that measures against the 
worrying destruction of the environment and global warming are delayed, 
and the exhaustion of oil resources is hastened. 

Disclosure of the Invention 

The invention has been made in view of such circumstances, and its 
object is to enable an existing diesel engine vehicle of light oil fuel to run as 
a diesel engine vehicle using DME as fuel without exchanging the whole 
diesel engine, and at very low cost and easily. 

In order to achieve the above object, according to a first aspect of 
the invention, a fuel injection nozzle for DME fuel, which is mounted in 
each combustion chamber of a light oil fuel diesel engine and is for driving 
the light oil fuel diesel engine by using DME fuel, includes a nozzle body 
having a fuel injection hole with a total injection hole area to attain an 
injection amount of the DME fuel which enables an engine output 
comparable to light oil fuel to be obtained, and a needle valve provided to 
be capable of reciprocating to the fuel injection hole, and is characterized in 
that the needle valve is lifted from a state where a tip part of the needle 
valve is seated on a valve seat part of the fuel injection hole and from a 
state where the fuel injection hole is closed, and the tip part of the needle 
valve is separated from the valve seat, so that a fuel flow path of the DME 
fuel from an inside of the nozzle body to the fuel injection hole is 
constructed, and the fuel flow path with a flow path area to enable an 
engine output characteristic comparable to the light oil fuel with respect to 
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a lift amount of the needle valve to be obtained by the DME fuel is 
constructed. 

In order to obtain the engine output comparable to the light oil fuel, 
it is necessary to increase the fuel injection amount with respect to the lift 
amount of the needle valve. Then, first, the total injection hole area of the 
fuel injection hole formed in the nozzle body, which is an injection port for 
injecting the DME fuel into the combustion chamber, is increased. That is, 
the total injection hole area of the fuel injection hole is made to have such a 
size that the injection amount of the DME fuel from the fuel injection hole 
enables the engine output comparable to the light oil fuel to be obtained. 
By that, the DME fuel whose amount enables the engine output 
comparable to the light oil to be obtained can be injected into the 
combustion chamber. Incidentally, in order to obtain the engine output 
comparable to the light oil fuel by using the DME fuel, the fuel injection 
amount approximately twice as large is required, and therefore, it is 
necessary that the fuel injection hole with the total injection hole area 
approximately twice as large or larger is formed the in nozzle body. 

The fuel flow path of the DME fuel from the inside of the nozzle 
body to the fiiel injection hole, which is constructed in such a manner that 
the needle valve is lifted and the tip part of the needle valve is separated 
from the valve seat part, has the flow path area to enable the engine 
output characteristic comparable to the light oil fuel with respect to the lift 
amount of the needle valve to be obtained by using the DME fuel. Thus, 
in the diesel engine designed to use the light oil as the fuel, the engine 
output comparable to the light oil fuel can be obtained by using the DME 
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fuel without changing the outer shape of the fuel injection nozzle, the outer 
diameter of the needle valve and the like. Accordingly, when the fuel 
injection nozzle of the existing diesel engine designed to use the light oil as 
the fuel is exchanged for the fuel injection nozzle for DME fuel, the existing 
diesel engine of the light oil fuel can be directly driven as the diesel engine 
using DME as fuel. 

By this, according to the fuel injection nozzle for DME fuel of the 
first aspect of the invention, when the fuel injection nozzle of the existing 
diesel engine designed to use the light oil as the fuel is exchanged for the 
fuel injection nozzle for DME fuel, the existing diesel engine of the light oil 
fuel can be directly driven as the diesel engine using DME as fuel. 
Accordingly, the operation and effect that the existing diesel engine vehicle 
of the light oil fuel can be made to run as the diesel engine vehicle using 
DME as fuel without exchanging the whole diesel engine, and at very low 
cost and easily. 

According to a second aspect of the invention, in the first aspect, 
the fuel injection nozzle for DME fuel is characterized in that the tip part 
of the needle valve has a shape that a ratio of a center diameter L3 for 
regulating a minimum flow path area and a seat diameter L2 of a seat part 
seated on the valve seat part is L3/L2 = 0.70 or higher. 

The ratio L3/L2 of the center diameter and the seat diameter, which 
is set to about 0.35 to 0.6 in the conventional diesel engine using light oil as 
fuel, is set to 0.70 or higher. That is, the difference between the center 
diameter and the seat diameter becomes small, and as the value of the 
center diameter/the seat diameter approaches 1, the size of the center 
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diameter approaches the seat diameter, and the interval between the seat 
part coming in contact with the valve seat part and the center diameter 
becomes short. Accordingly, since the center diameter inevitably becomes 
larger than the convention needle valve, the position of the center diameter 
in the valve seat part in the state where the seat part is seated on the valve 
seat part is positioned at an inner peripheral surface of the valve seat part 
having an inner diameter larger than a conventional one. Accordingly, the 
inner diameter of the inner peripheral surface of the valve seat part, 
together with the center diameter, constituting the minimum flow path 
area at full lift becomes large, and by that, the minimum flow path area 
regulated by the center diameter at full lift can be increased. 

By this, according to the fuel injection nozzle for DME fuel of the 
second aspect of the invention, since the ratio L3/L2 of the center diameter 
and the seat diameter is set to 0.70 or higher, the minimum flow path area 
at full lift regulated by the center diameter can be increased, and by that, 
the foregoing operation and effect of the invention of the first aspect can be 
obtained. 

According to a third aspect of the invention, in the second aspect, 
the fuel injection nozzle for DME fuel is characterized in that the tip part 
of the needle valve has the shape that a ratio of a shaft diameter LI of the 
needle valve and the seat diameter L2 is L2/L1 = 0.85 or higher. 

The ratio L2/L1 of the shaft diameter and the seat diameter, which 
is set to about 0.60 to 0.70 in the conventional diesel engine using light oil 
as fuel, is set to 0.85 or higher in the invention. That is, the difference 
between the shaft diameter and the seat diameter becomes small, and as 
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the value of the seat diameter/the shaft diameter approaches 1, the size of 
the seat diameter approaches the shaft diameter. Accordingly, the seat 
diameter becomes larger than that of the conventional needle valve, and in 
proportion to that, the center diameter also becomes large inevitably. 
Accordingly, the position of the center diameter in the valve seat part and 
in the state where the seat part is seated on the valve seat part is 
positioned at an inner peripheral surface of the valve seat part having a 
further large inner diameter. Accordingly, the inner diameter of the inner 
peripheral surface of the valve seat part, together with the center diameter, 
constituting the minimum flow path area at full lift becomes further large, 
and by that, the minimum flow area regulated by the center diameter at 
full lift can be further increased. 

By this, according to the fuel injection nozzle for DME fuel of the 
third aspect of the invention, since the ratio L2/L1 of the shaft diameter 
and the seat diameter is set to 0.85 or higher, the minimum flow area at 
full lift regulated by the center diameter can be further increased, and by 
that, the foregoing operation and effect according to the invention of the 
second aspect can be obtained. 

According to a fourth aspect of the invention, in any one of the first 
to third aspects, the fuel injection nozzle for DME fuel is characterized in 
that the fuel injection hole has a shape that the total injection hole area is 
0.6 mm 2 or larger. 

Since the total injection hole area of the fuel injection nozzle of the 
conventional diesel engine using light oil as fuel is set to about 0.3 mm 2 or 
smaller, when the total injection area is made 0.6 mm 2 or larger, the fuel 
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flowing through the fuel injection hole can be increased twice or more. 
Accordingly, it becomes possible to obtain the engine output comparable to 
or higher than the light oil fuel by using the DME fuel in which as 
compared with the conventional light oil fuel, approximately half engine 
output is merely obtained when the amount of fuel is the same. 

According to a fifth aspect of the invention, a diesel engine includes 
a fuel injection nozzle for DME fuel according to any one of the first to 
fourth aspects. 

According to the diesel engine of the fifth aspect of the invention, in 
the diesel engine, especially in the existing diesel engine designed to use 
light oil as fuel, the foregoing operation and effect of any one of the first to 
fourth aspects of the invention can be obtained. 

Brief Description of the Drawings 

Fig. 1 is a sectional view showing a rough structure of a nozzle 
holder including a fuel injection nozzle for DME fuel according to the 
invention. 

Fig. 2 is a sectional view showing a rough structure of the fuel 
injection nozzle for DME fuel according to the invention. 

Fig. 3 is a perspective view showing outer appearances of a needle 
valve and a nozzle body of the fuel injection nozzle for DME fuel according 
to the invention. 

Fig. 4 shows the needle valve of the fuel injection nozzle for DME 
fuel according to the invention, in which Fig. 4(a) is a front view of the 
needle valve and Fig. 4(b) is a front view in which a tip part of the needle 
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valve is magnified. 

Fig. 5 is a sectional view in which a part of the fuel injection nozzle 
for DME fuel according to the invention is magnified and shown. 

Fig. 6 is a sectional view in which the part of the fuel injection 
nozzle for DME fuel according to the invention is magnified and shown, 
and shows a state where the needle valve is lifted from a valve closed state 
shown in Fig. 5. 

Fig. 7 is a graph schematically showing a characteristic of a flow 
path area with respect to a lift amount of the needle valve of the fuel 
injection nozzle for DME fuel according to the invention. 

Fig. 8 shows another embodiment of a fuel injection nozzle for DME 
fuel according to the invention, in which Fig. 8(a) is a front view of a needle 
valve, and Fig. 8(b) is a front view in which a tip part of the needle valve is 
magnified. 

Fig. 9 shows a needle valve of a conventional fuel injection nozzle 
using light oil as fuel, in which Fig. 9(a) is a front view of a needle valve, 
and Fig. 9(b) is a front view in which a tip part of the needle valve is 
magnified. 

Fig. 10 is a sectional view in which a part of the fuel injection 
nozzle of a diesel engine using light oil as fuel is magnified and shown. 

Fig. 11 is a sectional view in which the part of the fuel injection 
nozzle of the diesel engine using light oil as fuel is magnified and shown, 
and shows a state where the needle valve is lifted from a valve closed state 
shown in Fig. 10. 
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Best Mode for Carrying Out the Invention 

Hereinafter, embodiments of the invention will be described with 
reference to drawings while a comparison is made to a conventional fuel 
injection nozzle of a diesel engine using light oil as fuel. 

Fig. 1 is a sectional view showing a rough structure of a nozzle 
holder including a fuel injection nozzle as "fuel injection nozzle for DME 
fuel" according to the invention. 

A fuel injection nozzle 1 is a long stem type hole nozzle, and is 
disposed in each combustion chamber of a diesel engine by a nozzle holder 
50. A DME fuel pressurized to a high pressure is introduced (reference 
character A) into a nozzle body 3 of the fuel injection nozzle 1 from an inlet 
connector 53 through a filter 531. A nozzle spring 52 at an upper part of a 
push rod 51 regulates an injection start pressure of the fuel injection nozzle 
1, and its adjustment is performed by an adjusting screw 54. Lubrication 
of a sliding part of the fuel injection nozzle 1 is performed by part of the 
DME fuel, and the DME fuel having performed the lubrication fills a 
receiving space of the nozzle spring 52, and is returned to a not-shown fuel 
tank from an overflow part 55. 

Fig. 2 is a sectional view showing a rough structure of the fuel 
injection nozzle 1 according to the invention, and Fig. 3 is perspective view 
showing outer appearances of a needle valve 2 and the nozzle body 3 of the 
fuel injection nozzle 1. 

As indicated by an arrow of reference character A, the high 
pressure DME fuel introduced from the inlet connector 53 into the inside of 
the fuel injection nozzle 1 through the filter 531 fills the inside of the 
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nozzle body 3 through an oil storage chamber 32. The needle valve 2 is 
moved in a direction indicated by reference character B by the pressure of 
the DME fuel in the inside of the nozzle body 3 to open a valve, and the 
DME fuel is injected from a fuel injection hole 31 into the combustion 
chamber as indicated by an arrow of reference character C. 

Fig. 4 shows the needle valve 2 of the fuel injection nozzle 1 of the 
invention, in which Fig. 4(a) is a front view of the needle valve 2, and Fig. 
4(b) is a front view in which a tip part 21 of the needle valve 2 is magnified. 
Fig. 5 is a sectional view in which a part of the fuel injection nozzle 1 is 
magnified and shown. 

The needle valve 2 has a substantially cylindrical shape, and the 
tip part 21 has a substantially right circular cone shape. The shape of the 
tip part 21 is set by a center diameter L3 for regulating a minimum flow 
path area of the fuel injection nozzle 1 at full lift, a seat diameter L2 of a 
seat part 211 coming in contact with a valve seat part 33 and blocking 
communication with the fuel injection hole 31, and a shaft diameter Ll, 
and a tip part angle is abut 92 degrees. The center diameter L3 is set to 
<|>2.5 mm, the seat diameter L2 is set to <|>3.0 mm, and the shaft diameter Ll 
is set to (|>3.25 mm. The ratio of the center diameter L3 and the seat 
diameter L2 is L3/L2 = 2.5 mm/3.0 mm = about 0.833, and the ratio of the 
seat diameter L2 and the shaft diameter Ll is L2/L1 = 3.0 mm/3.25 mm = 
about 0.92. 

In the fuel injection nozzle 1 of a valve closed state, the outer 
peripheral surface of the tip part 21 of the needle valve 2 urged in a state 
where the injection start pressure is regulated by the spring force of the 
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nozzle spring 52 is seated on the valve seat part 33 of the nozzle body 3 as 
an inlet of the fuel injection hole 31 as shown in the drawing. Then, the 
needle valve 2 is lifted by the pressure of a predetermined amount of high 
pressure DME fuel sent from an injection pump and the like, so that the tip 
part 21 of the needle valve 2 is separated from the valve seat part 33 to 
form a valve open state, and the DME fuel is sent from between the tip 
part 21 of the needle valve 2 and the valve seat part 33 to the fuel injection 
hole 31. 

For information, in the needle valve 2 of the fuel injection nozzle 1 
of the diesel engine using light oil as fuel shown in Fig. 9, the center 
diameter L3 is set to <f>l.l mm, the seat diameter L2 is set to <f>2.2 mm, and 
the shaft diameter LI is set to <j>3.25 mm. The ratio of the center diameter 
L3 and the seat diameter L2 is L3/L2 =1.1 mm/2.2 mm = 0.50, and the 
ratio of the seat diameter L2 and the shaft diameter LI is L2/L1 = 2.2 
mm/3.25 mm = about 0.68. Besides, as shown in Fig. 10, since the light oil 
fuel can produce an engine output larger than the DME fuel when the 
same amount of fuel injection is used, the total injection hole area of the 
fuel injection hole 31 formed in the nozzle body 3 is set to be smaller than 
the total injection hole area of the fuel injection hole 31 of the fuel injection 
nozzle 1 according to the invention. 

Fig. 6 is a sectional view in which a part of the fuel injection nozzle 
1 of the invention is magnified and shown, and shows a state where the 
needle valve 2 is lifted from the valve closed state shown in Fig. 5. 

The needle valve 2 is moved in the direction of the arrow denoted 
by reference character B and is lifted to a position of a maximum lift 
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amount D, and at a time point when a full lift state occurs, an area of a 
portion where an interval between the tip part 21 of the needle valve 2 and 
the valve seat part 33 becomes minimum is a minimum flow path area d. 
Accordingly, a flow path area formed of the minimum flow path area d 
between the outer peripheral surface of the tip part 21 and the valve seat 
part 33 is a minimum flow path area. Besides, a maximum value of the 
fuel injection amount is determined by the total injection hole area of the 
fuel injection hole 31. Incidentally, in this embodiment, the maximum lift 
amount D at full lift of the fuel injection nozzle 1 is set to about 0.25 mm. 

Here, as compared with the case of the fuel injection nozzle 1 of the 
diesel engine using light oil as fuel shown in Fig. 11, first, the size of the 
fuel injection hole 31 of the nozzle body 3 of the fuel injection nozzle 1 
according to the invention is formed to be larger, and by that, the total 
injection hole area is set to become approximately twice as large. This is 
because, as described before, in order to obtain the same engine output as 
the light oil fuel by using the DME fuel, a fuel injection amount larger than 
the light oil fuel becomes necessary. Accordingly, by setting the total 
injection hole area of the fuel injection hole 31 to be larger than that in the 
light oil fuel, the engine output comparable to the light oil fuel can be 
obtained by the DME fuel. 

Besides, in the tip part 21 of the needle valve 2, the ratio L3/L2 of 
the center diameter L3 and the seat diameter L2 is set to be as large as 
about 0.833 in the fuel injection nozzle 1 of the invention, while it is set to 
0.50 in the conventional fuel injection nozzle 1 of the diesel engine using 
light oil as fuel. Besides, the ratio L2/L1 of the seat diameter L2 and the 
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shaft diameter LI is set to be as large as about 0.92 in the fuel injection 
nozzle 1 of the invention, while it is set to about 0.68 in the conventional 
fuel injection nozzle 1 of the diesel engine using light oil as fuel. By that, 
the minimum flow path area d of the fuel injection nozzle 1 of the invention 
at full lift is approximately twice as large as that of the conventional fuel 
injection nozzle 1 of the diesel engine using light oil as fuel. 

As stated above, in order to obtain the fuel injection amount 
necessary for the DME fuel, the ratio L3/L2 of the center diameter L3 and 
the seat diameter L2 is made 0.7 or higher and about 0.833 in this 
embodiment, and the ratio of L2/L1 of the seat diameter L2 and the shaft 
diameter LI is made 0.85 or higher and about 0.92 in this embodiment, so 
that the minimum flow path area d at full lift can be made the area 
approximately twice as large. Besides, by setting the hole diameter of 
each of the fuel injection holes 31 such that the total injection hole area 
becomes approximately twice as large, the fuel injection amount of the fuel 
injection nozzle 1 can be set to be approximately twice as large. By that, it 
is possible to obtain the fuel injection amount of the DME fuel which 
enables the engine output comparable to the light oil to be obtained. 

Fig. 7 is a graph schematically showing a characteristic of a flow 
path area with respect to a lift amount of the needle valve 2 of the fuel 
injection nozzle 1 of the invention. 

The graph indicated by a solid line is the graph of the fuel injection 
nozzle 1 of the invention, and the graph indicated by an alternate long and 
short dash line is the graph of the fuel injection nozzle 1 of the diesel 
engine using light oil as fuel. An area denoted by reference character El 
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is the total injection hole area of the fuel injection nozzle 1 of the diesel 
engine using light oil as fuel, and an area denoted by reference character 
E2 is the total injection hole area of the fuel injection nozzle 1 of the 
invention. The flow path area (vertical axis of the graph) is increased as 
shown in the drawing in proportion to the lift amount (horizontal axis of 
the graph) of the needle valve 2, and the flow path area characteristic of 
the needle valve 2 with respect to the lift amount is determined by the 
ratio L3/L2 of the center diameter L3 of the tip part 21 and the seat 
diameter L2, the ratio L2/L1 of the seat diameter L2 and the shaft 
diameter LI, and the total injection hole area of the fuel injection hole 31. 
As is apparent from the graph, in the fuel injection nozzle 1 of the 
invention, the flow path area with respect to the lift amount of the needle 
valve 2 is larger than that of the fuel injection nozzle 1 of the light oil fuel 
at a substantially constant ratio. 

In this embodiment, the total injection hole area E2 of the fuel 
injection nozzle 1 of the invention is set to the total injection hole area 
approximately twice as large as the total injection hole area El of the fuel 
injection nozzle of the diesel engine using light oil as fuel, so that the 
engine output characteristic comparable to the light oil fuel can be 
obtained by the DME fuel. The flow path area with respect to the lift 
amount of the needle valve 2 is also set so that the flow path area 
approximately twice as large can be obtained. Accordingly, the DME fuel 
approximately twice as large as the light oil with respect to the lift amount 
of the needle valve 2 can be supplied to the combustion chamber of the 
diesel engine, and according to that, the total injection hole area of the fuel 
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injection hole 31 is also set to be approximately twice as large, so that the 
total injection hole area of the fuel injection hole 31 does not become a 
bottle neck. 

In this way, in the diesel engine designed to use light oil as fuel, 
when only the fuel injection nozzle is changed to the fuel injection nozzle 1 
of this invention, the engine output characteristic comparable to the light 
oil fuel can be obtained by the DME fuel without changing the outer shape 
of the fuel injection nozzle, the shaft diameter of the needle valve 2, and 
the like. Thus, the existing diesel engine vehicle of the light oil fuel can be 
made to run as the diesel engine vehicle using DME as fuel at very low cost 
and easily 

Besides, as another embodiment, in addition to the first 
embodiment, it is possible to cite one in which a fuel injection amount of 
DME fuel is further increased. Fig. 8 shows another embodiment of a fuel 
injection nozzle for DME fuel according to the invention, in which Fig. 8A is 
a front view of a needle valve 2, and Fig. 8B is a front view in which a tip 
part of the needle valve 2 is magnified. 

Since a part (portion denoted by reference character 2a) of a shaft of 
the needle valve 2 is smaller than a shaft diameter LI and has the same 
diameter as a seat diameter L2, an interval to a nozzle body 3 becomes 
wide by that, and a flow rate of DME fuel can be increased. Accordingly, it 
is possible to expect an effect that a diesel engine designed to use light oil 
as fuel can be driven at an engine output comparable to or higher than 
light oil by using DME fuel. 

Incidentally, the invention is not limited to the above embodiments, 
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and various modifications can be made within the scope of the invention 
recited in the claims. For example, the invention can be carried out also 
in a hole nozzle which is not a long stem type, and it is needless to say that 
those are also contained in the scope of the invention. 

According to the invention, the existing diesel engine vehicle of the 
light oil fuel can be made to run as the diesel engine vehicle using DME 
fuel as fuel without exchanging the whole diesel engine, and at very low 
cost and easily. 

Industrial Applicability 

The present invention can be used as a fuel injection nozzle for 
DME fuel in a diesel engine using DME (DiMethyl Ether) as fuel. 
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